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7LWOH3DJH         3DJH
7DEOHRI&RQWHQWV  « « « « « 
/LVWRI)LJXUHV  « « « « « « 
/LVWRI7DEOH  « « « « « « 
/LVWRI$SSHQGLFHV  « « « « « 

&+$37(521(,1752'8&7,21
 %DFNJURXQGRI6WXG\  « « « « 
 6WDWHPHQWRI3UREOHP  « « « « 
 2EMHFWLYHRI6WXG\ «  « « « 
 6LJQLILFDQFHRI6WXG\ «  « « « 
 /LPLWDWLRQRI&OLPDWHDQG3ROOXWLRQ'DWD« « 





 *OREDO:DUPLQJ «  « « « « 
 ,PSDFWRI&OLPDWH&KDQJH «  « « 
,PSDFWRI&OLPDWHRQ6RFLHW\«  « « 
,PSDFWRI+XPDQ%HLQJRQ&OLPDWH « « 
$LU3ROOXWDQWV «  « « « « 
)XWXUHRI:RUOG&OLPDWH «  « « 
 %XLOGLQJ0DWHULDOVDIIHFWHGE\&OLPDWH&KDQJH« 
:RRG «  « « « « « 
1DWXUDO6WRQH  «  « « « 
2 
0DVRQU\ «  « « « « « 
&RQFUHWH «  « « « « « 
:HDWKHULQJ6WHHO«  « « « « 
 (IIHFWRI&OLPDWH&KDQJHRQ&OLPDWH3DUDPHWHUV 
7HPSHUDWXUH «  « « « « 
5DLQIDOO «  « « « « « 
5HODWLYH+XPLGLW\ «  « « « 
7LPHRI:HWQHVV«  « « « « 
 )DFWRUV$IIHFWLQJ$LU4XDOLW\«  « « 
6XOSKXU'LR[LGH«  « « « « 
6PRNH«  « « « « « « 
2[LGHVRI1LWURJHQ«  « « « « 
2]RQH «  « « « « « 
&DUERQ'LR[LGH «  « « « « 
 'RVH5HVSRQVH)XQFWLRQV « « « « 
(QYLURQPHQWDO3DUDPHWHUV« « « « 
(VWLPDWLRQRI&RUURVLRQ/RVVHV «  « 
,PSDFW3DWKZD\«  « « « « 
 )DLOXUH3UREDELOLW\RI&RUURGHG6WUXFWXUHV « 
5HOLDELOLW\DQG)DLOXUH3UREDELOLW\«  « 
&RGH5HTXLUHPHQWIRU5HOLDELOLW\  «  
,PSDUWRI/RFDWLRQRI6WUXFWXUHDQG&RUURVLRQ« 
&KDSWHU6XPPDU\  «  « « 

&+$37(57+5((0$7(5,$/6$1'0(7+2'6
 0HWKRGRORJ\ «  « « « « 
 'DWD«  « « « « « « 
 'HVFULSWLRQRI6WXG\$UHD «  « « 
 7KHRU\RI$QDO\VLV «  « « « 
3 
0HDQRI3ROOXWDQWVDQG&OLPDWH3DUDPHWHUV « 
6WDQGDUG'HYLDWLRQ «  « « « 
9DULDQFH «  « « « « « 
&RHIILFLHQWRI9DULDWLRQ« « « « « 
 (IIHFWRI$QDO\VLVRQ0DWHULDO«  « « 
'RVH5HVSRQVH)XQFWLRQDQG(VWLPDWLRQRI
 0DWHULDO/RVV«  « « « ««  
%6(1,62«  « « « 
&ODVVLILFDWLRQ «  « « « « 
 'HWHUPLQDWLRQRI&RUURVLRQ5DWH«  
 (VWLPDWLRQRI&RUURVLRQ5DWH «  
 (IIHFWRI&RUURVLRQ/RVVRQD6WHHO%ULGJH « 
'HVLJQRI6LPSO\6XSSRUWHG5DLOZD\%ULGJH« 
'HWHUPLQDWLRQRIORDGLQJ« « « « 
&DOFXODWLRQRI0RPHQWDQG6KHDU5HVLVWDQFH« 
9HULILFDWLRQRI6HUYLFHDELOLW\OLPLWVWDWHRI
 GHIOHFWLRQ««  « « « «« 
'HVLJQ([DPSOH«  « « « « 




 &OLPDWH&KDQJH3UHGLFWLRQV« « « « 
(PLVVLRQ6FHQDULRV «  « « « 
$LU3ROOXWLRQDQG&OLPDWH«  « « « 
 7HPSHUDWXUH «  « « « « 
 5HODWLYH+XPLGLW\ «  « « « 
 6XOSKXU'LR[LGH «  « « « « 
4 
 &DUERQ'LR[LGH« « « « « « 
 $LU4XDOLW\3DUDPHWHUV±62122&2 « 
(VWLPDWLRQRI'RVH5HVSRQVH)XQFWLRQ« « 
 $QDO\VLVRI3ROOXWDQWV  « « « 
7LPH9DULDWLRQRISDUDPHWHUV « « « 
6SDWLDO9DULDWLRQRIWKLFNQHVVORVV« « « 
 'HSWKRI&RUURVLRQ«  « « « 
 67$*(,,±())(&7216758&785(« 
 ,PSDFWRQD5DLOZD\%ULGJH6WUXFWXUH8VHG « 
 &KDSWHU6XPPDU\«  « « « « 

&+$37(5),9(6800$5<$1'&21&/86,216
 6XPPDU\ «  « « « « « 
 &RQFOXVLRQVDQG5HFRPPHQGDWLRQ « « 
 )XWXUH:RUN  «  « « « 
 5HIHUHQFH «  « « « « « 
















DWPRVSKHULFSROOXWDQWVGHSRVLWV «  «
)LJXUH 6WHHO&RUURVLRQIRUPDWLRQVLQDQRGHUHDFWLRQ «
)LJXUH ,PSDFWSDWKZD\VIRUHIIHFWRIDFLGLF
GHSRVLWLRQLQPHWDOV« « « ««««
)LJXUH /RVVRIPDWHULDORQDW\SLFDO,EHDPVHFWLRQ««










VRXUFHVLQ«  «  ««««
)LJXUH 3URMHFWHGLQFUHDVHLQ&DUERQGLR[LGH
FRQFHQWUDWLRQZLWKWLPH«« « « ««
)LJXUH &RPSDULVRQRIWKHGRVHUHVSRQVHIXQFWLRQVIURP
9DULRXVUHVHDUFKHUVDQGWKHDYHUDJH
GRVHUHVSRQVHIXQFWLRQ« «  « «
)LJXUH $YHUDJHFRUURVLRQUDWHDJDLQVWWLPH«  «
)LJXUH 'LIIHUHQFHLQPHDQDJDLQVWYDULRXVSROOXWDQW




LQFUHDVH«  «« « « « 
)LJXUH,QFUHDVHLQ5HODWLYH+XPLGLW\ZLWKSHUFHQWDJH
LQFUHDVH««  « « « «
)LJXUH,QFUHDVHLQWKLFNQHVVORVVZLWK62LQFUHDVH« 
)LJXUH'HFUHDVHLQWKLFNQHVVORVVZLWKLQFUHDVHLQ
WHPSHUDWXUH« «  « « « «
)LJXUH,QFUHDVHLQWKLFNQHVVORVVGXHWRLQFUHDVH





)LJXUH7UDFNSRVLWLRQIRUWKHJLUGHU«  « «
)LJXUH*LUGHUVHFWLRQSURSHUWLHV«  « « «
)LJXUH(IIHFWRIWKLFNQHVVORVVRQPRPHQWUHVLVWDQFH
RIEULGJHJLUGHU««  « « « «
)LJXUH(IIHFWRIWKLFNQHVVORVVRQVKHDUUHVLVWDQFH
RIEULGJHJLUGHU« « « « «
)LJXUH(IIHFWRIWKLFNQHVVORVVRQGHIOHFWLRQRI
EULGJHJLUGHU« « « « « «















WLPHSHULRG« «  « « «
7DEOH 'HWHUPLQDWLRQRIPDVVORVVEDVHGRQVHYHUDO





IXQFWLRQV« «« «    
7DEOH &ODVVLILFDWLRQRIPDVVORVVDFFRUGLQJWR
,62VWDQGDUG «    
7DEOH &DOFXODWLRQRIWKLFNQHVVORVVDJDLQVWWLPH« 
7DEOH (IIHFWRISHUFHQWDJHFKDQJHRQSDUDPHWHUV
UHODWLYHWRYDOXHV «  « «




HQYLURQPHQWV«  «««  « «
7DEOH7KLFNQHVVORVVHVDQDO\]HG«  « «
7DEOH&DOFXODWHGUHVLVWDQFHIRUYDULRXVFRUURVLRQ
 W\SHV««  « « « ««












































WKH GDPDJH SRVH D ORQJ WHUP HIIHFW RQ DYDLODEOH LQIUDVWUXFWXUH
SURYLGHG DW KLJK FRVW WR WKH HFRQRP\ RI WKH QDWLRQ  'XNH 
ZULWLQJ LQ WKLV VKULQNLQJ ODQG FOLPDWH FKDQJH DQG %ULWDLQ FRDVWV
QRWHV WKDW ³7KH RFHDQV DUH WKH JUDYH \DUGV RI WKH ODQGV  /DQGV
EHFDPHHDWHQDZD\E\WKHDFWLRQRIWKHVHDVDQGLW LVQRVXUSULVH
WR ILQG WKDWPRVWRI WKHZRUOG¶VVKRUHOLQHVDUH LQDVWDWHRIHURVLRQ
7KH IULQJHV RI %ULWDLQ LWV FOLIIV DQG EHDFKHV DUH VKULQNLQJ
GLVDSSHDULQJ LQWR WKHVXUURXQGLQJVHDEHFDXVHRIFRDVWDO IORRGLQJ
HURVLRQ DQG ODQG VOLGLQJ  ,V FOLPDWH FKDQJH VSHHGLQJ XS WKH
SURFHVVDUHRXUKRPHVRXUYLOODJHVDQGWRZQVDWULVN"´WKHDXWKRU
DVNHG)HHQVWUDKDVREVHUYHGWKDW³WKHHIIHFWRIDWPRVSKHULF
SROOXWLRQV RQ EXLOGLQJ LV WKH EHVW HYLGHQFH RI WKH H[DPSOHV RI
GDPDJHVUHODWHGWRWKHKHDWLQJRIIRVVLOIXHOV7KHSROOXWLRQIRUPRI
GDPDJH WR EXLOGLQJV LV VHHQ LQ GLVFRORUDWLRQ IDLOXUH RI SURWHFWLYH
FRDWLQJ ORVV RI GHWDLOV LQ FDUYLQJV DQG VWUXFWXUDO IDLOXUH´ ,Q WKLV
UHJDUG LW LV LPSRUWDQW WR REVHUYH WKDW WKH UDWH RI WKLV GDPDJHKDV
LQFUHDVHG JUHDWO\ VLQFH WKH LQGXVWULDO UHYROXWLRQ:KLOHPXFK ZRUN






'RVH5HVSRQVH DSSURDFK ZDV XVHG WR GHWHUPLQH WKH UDWH RI
FRUURVLRQ RI D URDG VWHHO EULGJH ZLWK UDLO OLQH DW JUDGH ORFDWHG LQ








$V QRWHG E\$\RDGH  LW LV QRZ LQFUHDVLQJO\ FOHDU WKDW
PDQ LV FDSDEOH RI LQDGYHUWHQWO\ LQIOXHQFLQJ JOREDO FOLPDWH WKURXJK





UDWKHU ORZ HYHQ WKRXJK WKH YDULRXV IDFWRUV WKDW LQIOXHQFH
DWPRVSKHULFFRUURVLRQDUHNQRZQ
7KH HIIHFW RI VXFK ORVV RQ VWUXFWXUH LQ SODFH QHHG WR EH IXUWKHU









iii. &DOFXODWH WKH UHVLVWDQFH RI D VWHHO EULGJH VWUXFWXUH RYHU
WLPHVXEMHFWWRVXFKGHWHULRUDWLRQ
iv. 7KHJHQHUDOREMHFWLYHRIWKLVUHVHDUFKLVWRVWXG\WKHIDFWRUV
WKDWDFWXDOO\KDYH LPSDFWRQ WKHVHUYLFH OLIHH[LVWHQFHDQG




6WUXFWXUDO IDLOXUH DV D UHVXOW RI SROOXWDQW H[SRVXUH GRHV QRW





RI WKHREMHFW&RVW RI UHSODFHPHQWDQGPDLQWHQDQFH FDQ EHHDVLO\
GHWHUPLQHG SURYLGHG WKDW WKHUH DUH FOHDU JXLGHOLQHV DV WR ZKDW

















'DWD XVHG LQ WKLV ZRUN EHLQJ D VHFRQGDU\ GDWD REWDLQHG IURP WKH
UHIHUHQFHDERYHQHHG WREH WUHDWHGZLWKFDXWLRQ 7KH UHOLDELOLW\ RI
WKHGDWDZLOOEHLPSURYHGXSRQZLWKIXWXUHLQIRUPDWLRQDVWKH\RFFXU
)RU WKH 'RVH5HVSRQVH IXQFWLRQ WKH ZRUN XWLOL]HG WKH DOUHDG\
GHWHUPLQHG IXQFWLRQV E\.XFHUD HW DO  IRU WKH0XOWL$VVHVV




7KLV FKDSWHU LQWURGXFHG WKH VXEMHFW RI LPSDFW RI FOLPDWH
FKDQJH RQ WKH UDWH RI GHWHULRUDWLRQ RI H[LVWLQJ VWUXFWXUHV ,W DOVR








&OLPDWH LV D WHUP XVHG ZLGHO\ WR GHVFULEH WKH ³DYHUDJH
ZHDWKHU´IRUDJLYHQUHJLRQRYHUGHFDGHVRUPRUHRUEHLQJXVHGWR
UHIHUWRFRQGLWLRQDFURVVWKHHQWLUHSODQHW7KHQDWXUHRIWKHHDUWK¶V
FOLPDWH DW ERWK WKH UHJLRQDO DQG JOREDO VFDOH LV WKH UHVXOW RI DQ
LQWHUFRQQHFWHGV\VWHPGULYHQE\WKHXQHYHQKHDWLQJRIWKHSODQHWE\
VRODU UDGLDWLRQ  7KLV V\VWHP WUDQVIHUV KHDW IURP ORZ WR KLJK
ODWLWXGHV DQG LQYROYHV DOO WKH (DUWKV VSKHUH WKH DWPRVSKHUH





7KH FOLPDWH LQ DQ\ JLYHQ UHJLRQ LQYROYHV ERWK WKH DYHUDJH RI WKH
ZHDWKHUDQGWKH W\SLFDOH[WHQW WRZKLFKFRQGLWLRQ IROORZHGIURPWKH
DYHUDJH³7KHWHUPµZHDWKHU¶UHIHUVWRWKHGDLO\FKDQJHVLQWKHVWDWH
RIWKHDWPRVSKHUHDWDVSHFLILFORFDWLRQ&OLPDWHLQYROYHVYDULDEOHV
VXFK DV WHPSHUDWXUHV KXPLGLW\ ZLQGLQHVV FORXGLQHVV DQG
SUHFLSLWDWLRQ´'DQQ\+DUYH\&OLPDWHLVPXFKPRUHWKDQWKH
DWPRVSKHULF YDULDEOHV EXW GHSHQGV RQ DOO RWKHU FRPSRQHQWV WKDW
LQWHUDFW WRJHWKHU WR IRUP SDUW RI WKH FOLPDWH V\VWHP  7KLV PDGH
FOLPDWH V\VWHP VWXG\ ZLGH UDQJLQJ DQG PXOWLGLVFLSOLQDU\ YL]
0HWHRURORJ\ 3K\VLFDO DQG &KHPLFDO 2FHDQRJUDSK\ $WPRVSKHULF
DQG 6RLO FKHPLVWU\ &ORXG DQG $HURVRO 3K\VLFV 0DULQH DQG
7HUULWRULDO(FRORJ\DQG(QJLQHHULQJ,QUHFHQW\HDUVPHGLDDWWHQWLRQ
14 
KDV IRFXVHG RQ FKDQJLQJ ZRUOG FOLPDWH DQG WKH LPSDFWV RQ WKH
KXPDQ H[SHULHQFH WKLV PD\ FDXVH +DUW  5HVHDUFK KDV
VKRZQ WKDW WKH FOLPDWH LV FKDQJLQJ JOREDOO\ ZLWK WKH ZRUOG EHLQJ
DERXW&ZDUPHUWKDQRQHKXQGUHG\HDUDJR+XOPH	-HQNLQV
 ³7KHZDUPHVW \HDUHYHU UHFRUGHG KDYH EHHQ LQ LQFUHDVLQJ
RUGHU    DQG  WKH ODVW \HDU  EHLQJ WKH
ZDUPHVWVLQFHDERXW´ /DPE  ,Q WKH8QLWHG.LQJGRP
ILYH RI WKH VL[ ZDUPHVW \HDUV LQ WKH  \HDU &HQWUDO (QJODQG
7HPSHUDWXUH VHULHV RFFXUUHG VLQFH6HYHUDO UHVHDUFKHV IURP
VRXUFHV HVWLPDWH SRVVLEOH UDWH RI JOREDO ZDUPLQJ RYHU WKH QH[W
FHQWXU\WRUDQJHIURP³&SHUGHFDGHWR&SHUGHFDGH,Q







D JDVPROHFXOH LW ORVHV HQHUJ\ ZKLFK FDXVHV WKH ZDYH OHQJWK RI
WKDW UDGLDWLRQ WR OHQJWKHQ :HOOEXUQ   (DUWK¶V VXUIDFH
ZDUPLQJ HLWKHU E\ VRODU UDGLDWLRQ RU E\ UHUDGLDWHG LQIUDUHG ,5
FDXVHVHYDSRUDWLRQRIZDWHUDQGXSZDUGFRQYHFWLRQRIDLUERWKRI
ZKLFK WUDQVIHU HQHUJ\ IURP WKH (DUWK¶V VXUIDFH EDFN LQWR WKH
DWPRVSKHUH

$FFRUGLQJ WR $\RDGH  WKH QHDU FRQVLVWHQW LQFUHDVH LQ WKH
(DUWK¶VWHPSHUDWXUHVLQFHVKDVEHHQH[SODLQHGE\WZRIDFWRUV
7KHILUVWLVWKHLQFUHDVHLQDQWKURSRJHQLFKHDWSURGXFWLRQDVDUHVXOW
RI LQFUHDVH LQXUEDQL]DWLRQDQG LQGXVWULDODFWLYLWLHVZRUOGZLGH 7KH
15 
VHFRQGDQGPRUH LPSRUWDQW IDFWRU LV WKH LQFUHDVH LQ WKHJHQHUDWLRQ
RI JUHHQKRXVH JDVHV VXFK DV &2 PHWKDQH QLWURXV R[LGH DQG
FKORURIOXRURFDUERQV &)&V E\ YDULRXV KXPDQ DFWLYLWLHV HVSHFLDOO\
WUDQVSRUWDWLRQDQGPDQXIDFWXULQJDFWLYLWLHV,WLVHVWLPDWHGWKDW&2
DQG &)&V DFFRXQW IRU DERXW  RI JOREDO ZDUPLQJ  7KHVH DQG
RWKHU JUHHQKRXVH JDVHV DEVRUE LQIUDUHG WHUUHVWULDO UDGLDWLRQ
SUHYHQWLQJ LW IURP HVFDSLQJ WR VSDFH WKXV ZDUPLQJ WKH HDUWK¶V
DWPRVSKHUH  ,W LV HVWLPDWHG WKDW LI WKH SUHVHQW UDWH RI LQFUHDVH LQ




&OLPDWH LQIOXHQFHV PDQ LQ GLYHUVH ZD\V  0DQ LQ WXUQ
LQIOXHQFHVFOLPDWH WKURXJKKLVYDULRXVDFWLYLWLHVVXFKDV LQ LQGXVWU\




&KDQJHV LQ FOLPDWHH[HUW D ORW RI LQIOXHQFHRQKXPDQEHLQJV
DQG WKH GHJUHH WR ZKLFK D SDUWLFXODU HQYLURQPHQW LV H[SRVHG WR




6WXGLHV KDYH LQGLFDWHG WKDW WKH DELOLW\ RI VRFLHW\ WR ZLWKVWDQG
DGYHUVH FOLPDWH LV QRW D OLQHDU IXQFWLRQ RI LWV ZHDOWK RU GHJUHH RI
GHYHORSPHQW %XUWRQ HW DO  $V REVHUYHG E\ &ULWFKILHOG
HQHUJ\KXPDQKHDOWKDQGFRPIRUWDUHPRUHVXVFHSWLEOHWREH




VXQEXUQ DQG LQIODPPDWLRQ RI WKH VNLQ ,Q IDFW XOWUDYLROHW UD\V
FRXSOHG ZLWK LQWHQVH KHDW FDQ FDXVH FDWDUDFW RI WKH H\H 2Q WKH
SRVLWLYH VLGH DOVR IUHVK DLU PLOG WHPSHUDWXUH PRGHUDWH UHODWLYH
KXPLGLW\DQGVXQVKLQHDOVRKDYHKHDOLQJYDOXH

(FRQRPLF DFWLYLWLHV VXFK DV LQPDQXIDFWXULQJ LQGXVWU\ FRPPHUFH
XWLOLWLHV DJULFXOWXUH DQG DQLPDO KXVEDQGU\ WUDQVSRUW DQG
FRPPXQLFDWLRQ DUH DOO LQIOXHQFHG WR YDU\LQJ GHJUHH E\ FOLPDWH
7KHVHKXPDQHFRQRPLFDFWLYLWLHVFDQRQO\EHVXFFHVVIXOO\SXUVXHG
XQGHU ULJKW FOLPDWH FRQGLWLRQV 0DWKHU  6PLWK +REEV


&OLPDWH DOVR LQIOXHQFHV WKH ZD\ D KRXVH LV EXLOW DQG WKH W\SH RI
GUHVVKXPDQVZHDUDQGWKH\YDU\ IURPFXOWXUH WRFXOWXUHDQG IURP
FOLPDWH ]RQH WR DQRWKHU ,Q WKLV UHJDUG *ULIILWKV  KDV QRWHG
WKHFODVVLILFDWLRQRIWKHZRUOGLQWR]RQHVZLWKUHVSHFWWRWKHLUFORWKLQJ
UHTXLUHPHQWV WR PHHW QRUPDO KXPDQ ERG\ KHDW EDODQFH %XLOGLQJ
ORFDWLRQPDWHULDOVFKRLFHGHVLJQVDQGPHWKRGRIDLUFRQGLWLRQLQJRI
VWUXFWXUH LVDIIHFWHGE\FOLPDWHDQGZHDWKHUFRQGLWLRQV ,QDGGLWLRQ
KRZHYHU WKH EXLOGLQJ VWUXFWXUDO VDIHW\ DQG DELOLW\ WR FDUU\ WKH
VWUHVVHV DULVLQJ IURP WKH SUHYDLOLQJ FOLPDWH GXULQJ LWV DQWLFLSDWHG
OLIHWLPHPXVWEHJXDUDQWHHG6PLWK&ULWFKILHOG
6LQFHFRQVWUXFWLRQDFWLYLWLHVWDNHSODFHLQRXWGRRUFRQGLWLRQVFXUUHQW
ZHDWKHUFRQGLWLRQZLWK UHJDUG WR UDLQ IORRGVQRZKLJKZLQGV DQG





([DPSOHV RI DWWHPSWV WR FRQWURO ZHDWKHU E\ KXPDQ LQFOXGH
VHHGLQJ WRDXJPHQWSUHFLSLWDWLRQRUVXSSUHVVKDLORU OLJKWQLQJRU WR
FOHDUIRJRUPRGLI\WKHVWUXFWXUHDQGPRYHPHQWRIKXUULFDQHV

0DQ PD\ DOVR LQIOXHQFH FOLPDWH LQDGYHUWHQWO\ WKURXJK KLV YDULRXV
DFWLRQVDQGDFWLYLWLHVVXFKDVXUEDQL]DWLRQDQG LQGXVWULDOL]DWLRQ RLO
GULOOLQJ DFWLYLWLHV IDOOLQJ RI WUHHV IDUPLQJ DFWLYLWLHV GUDLQLQJ RI
PDUVKHV RU FUHDWLRQ RI DUWLILFLDO ODNH ZKHQ ULYHUV DUH GDPPHG WR
SURYLGH ZDWHU IRU YDULRXV XVHV RU IRU JHQHUDWLRQ RI K\GURHOHFWULF
SRZHU

7KH JUHDWHVW LPSDFW RIPDQ RQ FOLPDWH LV HYLGHQW LQ XUEDQ DUHDV
+HUHWKHDFWLRQVRIPDQKDYHVXFKDWUHPHQGRXVLPSDFWRQFOLPDWH
WKDW WKH FOLPDWH SUHYDLOLQJ LQ XUEDQ DUHDV LV TXLWH GLVWLQFW LQ
FKDUDFWHU IURP WKDW LQ WKH VXUURXQGLQJ UXUDO DUHDV $\RDGH 
7KLVSRLQWLVFOHDUO\VHHQLQWKHUHVXOWVDFKLHYHGE\WKLVZRUNZKHUH
WKH FRUURVLRQ LQ WKHXUEDQ,QGXVWULDO DUHD LV KLJKHU WKDQ IRU D UXUDO
DUHDE\DIDFWRURIEHWZHHQDQGUHVSHFWLYHO\

$FFRUGLQJ WR :02 WKHEDODQFHEHWZHHQ WKH VRXUFHV IURP
ZKLFKSROOXWDQWVDULVHDQGWKHIDFWRUVIDYRXUDEOHWRWKHLUGLOXWLRQDQG




(LWKHU E\ QDWXUDO RU PDQPDGH SURFHVV WKH UHOHDVH RI





R[LGL]HG DQG WKHUH LV GHWHULRUDWLRQ RI SODQWV  ,Q WKH8QLWHG6WDWHV
DORQHSURSHUW\GDPDJHGXHWRDLUSROOXWLRQLVHVWLPDWHGWREHRYHU




KLJKHU WKH LQFLGHQFH RI EURQFKLWLVHPSK\VHPD 0F'HUPROO 
2WKHUGLVHDVHDVVRFLDWHGZLWKDLU SROOXWLRQ LQFOXGHV LQIOXHQ]D OXQJ
FDQFHUDVWKPDDQGSXOPRQDU\KHDUWGLVHDVH

:RUNLQJ KDQG LQ KDQG ZLWK PHWHRURORJLVWV XUEDQ SODQQHUV FDQ






QDWXUDO YHJHWDWLRQ WR SDVWXUH DQG IRU DJULFXOWXUDO SXUSRVHV KDV
DIIHFWHGWKHFOLPDWHWKRXJKQRWE\FKRLFH
















- 7KHUH LV DOVR WKH SRVVLELOLW\ RI KLJKHU QXPEHU RI H[WUHPH
ZHDWKHUUDLQIDOODQGVWRUPHYHQWV
(VVHQWLDOO\ WKHVH SUHGLFWLRQV ZRXOG DSSHDU WR EH FRQWLQXDWLRQ RI
FXUUHQWWUHQGVEXWZLWKH[SHFWHGLQFUHDVHGUDWHRIFKDQJH
)LQDOO\ KXPDQ¶V (QJLQHHULQJ VNLOOV DQG DELOLW\ WR GHSOR\ KLV
WHFKQRORJLFDO FDSDELOLW\ LV UHTXLUHG QRZ DQG LQ WKH IXWXUH DV LW
JUDSSOHVZLWK WKHFKDOOHQJHVRIHQVXULQJ WKDW LWGRHVQRW OLYHDW WKH
PHUF\RIWKHFOLPDWH







EULGJH VWUXFWXUHV ZRRG IRUP SDUW RI WKHPDWHULDOV H[SRVHG WR WKH
HQYLURQPHQW'LUHFW DWPRVSKHULF SROOXWLRQ GRHV QRW KRZHYHU DIIHFW
ZRRG DV PXFK DV WKH SUREOHP FDXVHG E\ ZDWHU DQG KXPLGLW\






DQG ZDWHU UHVLVWDQFH  ([DPSOH LV WKH KDUG ZRRG WKRXJK IHZ RI
WKHPFDQZLWKVWDQGRXWGRRUH[SRVXUHZLWKRXWSURWHFWLRQ$JUHDWHU
EXONRI H[SRVHGZRRG VXFKDV VRIWZRRG LI OHIW XQSURWHFWHGZRXOG
EHFRPH ZDWHU ORJJHG DQG GHYHORS H[FHVVLYH SRURVLW\ WKURXJK
EDFWHULDO DFWLRQRU URW %DQNVDQG(YDQV7KHXVHRIZRRG
DVDFRQVWUXFWLRQPDWHULDOVDYHVDORWRIHQHUJ\DQGKHQFHKHOSVWR
UHGXFH JOREDO ZDUPLQJ +RZHYHU FXWWLQJ GRZQ RI WUHHV WR IRUP




7LPEHU VKULQNV ZLWK FKDQJH LQ PRLVWXUH FRQWHQW HVSHFLDOO\ XQGHU




UHODWLYH KXPLGLW\ RI  SHU \HDU DQG 6HUYLFH &ODVV  LV XVHG WR
LQGLFDWHZHW FRQGLWLRQDW WHPSHUDWXUH DQG UHODWLYHKXPLGLW\ JUHDWHU
WKDQ&ODVV2]HOWRQHWDO
&ODVV  LV XVHG IRU IXOO\ H[SRVHG WLPEHU XQGHU H[WHUQDO XVH DQG




6HULRXV DWWDFN RQ QDWXUDO VWRQH E\ DWPRVSKHULF SROOXWDQWV LV
FRQILQHGWROLPHVWRQHDQGFDOFDUHRXVVDQGVWRQHV8.%(5*
,W KDV EHHQ REVHUYHG WKDW VWRQH SDUWLFXODUO\ JUDQLWH DUH QRW
21 
VHULRXVO\ DIIHFWHG E\ SROOXWLRQ 6WRQH GDPDJH SUREOHPV DUH DOVR
NQRZQWRRFFXUWKURXJKIURVWGDPDJHRUE\FU\VWDOOL]DWLRQRIVROXEOH



















D UHVXOW RI FOLPDWH LPSDUW PD\ EH LQ WKH IRUP RI VSDOOLQJ VXUIDFH
HURVLRQ DQG FRUURVLRQ RI HPEHGGHG VWHHO $SDUW IURP VXUIDFH
HURVLRQ GDPDJH WR FRQFUHWH PD\ OLNHO\ EH LQ IRUP RI QDWXUDO
FDUERQDWLRQDQG LQJUHVVRIFKORULGH LRQVDVDJDLQVW LQWHUDFWLRQZLWK
SROOXWDQWVVXFKDV62(WHUQ(D





RYHU DSHULRGRI \HDUVQHXWUDOL]HV WKHDONDOLQLW\ FDXVLQJ WKH S+RI
WKH FHPHQW SDVWH WR IDOO DQG OHDYLQJ WKH VWHHO RSHQ WR FRUURVLRQ





&DUERQ VWHHO LV KLJK VWUHQJWK ORZ DOOR\ ZHOGDEOH VWUXFWXUDO
PDWHULDO ZKLFK SRVVHVVHV JRRG ZHDWKHU UHVLVWDQFH LQ PDQ\
DWPRVSKHULF FRQGLWLRQV ZLWK PLQLPDO QHHG IRU SURWHFWLYH FRDWLQJV
7KH6WHHO&RQVWUXFWLRQ ,QVWLWXWH :HDWKHULQJ VWHHO FRQWDLQV
DOOR\LQJ HOHPHQWV VXFK DV 1LFNHO &RSSHU 3KRVSKRUXV DQG
&KURPLXP6&,.LKLUDHWDO

$GGLWLRQDO WKLFNQHVV LV DGGHG WR VWHHO ZKLFK LV RXWVLGH WKH
FDOFXODWHG VHFWLRQ UHVLVWDQFH WR WDNH FDUH RI WKH VORZ UXVWLQJ
RYHUWLPH LQXQSDLQWHGZHDWKHULQJVWHHO7KLVDGGLWLRQDO WKLFNQHVV LV
GHSHQGHQW RQ SUHYDLOLQJ DWPRVSKHULF FRQGLWLRQ DV GHWHUPLQHG LQ
FODXVHRI%6

0HWDOV DWPRVSKHULF FRUURVLRQ LV DFKLHYHG E\ HOHFWURFKHPLFDO
SURFHVV ZKLFK WDNHV SODFH LQ FRUURVLRQ FHOOV ZLWK DQRGHV DQG
FDWKRGHVDVVKRZQLQILJXUH







$ ZHW HOHFWURO\WH LV QHHGHG IRU DWPRVSKHULF FRUURVLRQ 7KLV LV
HQKDQFHG E\ VXFK FOLPDWLF SDUDPHWHUV DV SUHFLSLWDWLRQ KXPLGLW\
WHPSHUDWXUHDQGGHJUHHRIDWPRVSKHULFSROOXWDQWV6XOSKXUGLR[LGH
FDXVHV PRVW GDPDJH RI DOO WKH DWPRVSKHULF SROOXWDQWV ZKLOH LQ




\HW IXOO\ XQGHUVWRRG WKRXJK WKHUH LV HYLGHQFH .XFHUD  WR
VXJJHVW WKDW R]RQH SOD\ D VLJQLILFDQW UROH LQ TXLFNHQLQJ VRPH
UHDFWLRQV

 ())(&7 2) &/,0$7( &+$1*( 21 &/,0$7(
3$5$0(7(56
7(03(5$785(
7KH ZRUOG WHPSHUDWXUH LV SUHGLFWHG WR ULVH RYHU WKH QH[W
FHQWXU\7KLVLQFUHDVHRIVRPHIHZGHJUHHVZLOOEHFULWLFDOWRPDQ\
24 
DVSHFWV RI RXU OLYHV DQG WKH KHDOWK RI HFRV\VWHPV DQG DJULFXOWXUH
%ULPEOHFRPEHHWDO

%\ GHILQLWLRQ WKH GHJUHH RI KRWQHVV RI D ERG\ DV PHDVXUHG E\ D
WKHUPRPHWHU LV LWV WHPSHUDWXUH 2QHFULWLFDODVSHFWRI WHPSHUDWXUH
WKDW DIIHFWV ODUJH VWUXFWXUHV LV VHDVRQDO FKDQJHV /DUJH VHDVRQDO
FKDQJHV LQ WHPSHUDWXUH LPSRVH JUHDWHU VWUHVV RQ EXLOGLQJV DQG
VWUXFWXUHV 7KHWHPSHUDWXUHGDWDIRUWKLVZRUNLVEDVHGRQ&HQWUDO
(QJODQG 7HPSHUDWXUH 5HFRUG &(75 ZLWK PRGLILFDWLRQ IRU SDVW
UHFRUGV VKRZQ LQ 7DEOH  EHORZ %ULPEOHFRPEH HW DO 
0DQOH\  3DUNHU DQG +RUWRQ  3DUNHU HW DO 






&RUURVLRQRIPHWDOVE\UDLQIDOO LVGHSHQGHQWRQ WKHS+RI WKH
UDLQ LQWHQVLW\ GXUDWLRQ DQG DPRXQW  7KRXJK UDLQIDOO DFLGLW\ LV QRW
HDV\ WRHVWLPDWH LW LVNQRZQIURPWZHQWLHWKFHQWXU\PHDVXUHPHQWV




7KHSUHVHQFHRI62GHFUHDVHV WKHS+RI UDLQ DQG FDXVHV IDVWHU
FKHPLFDODWWDFN7KLVFDQRFFXUE\WKHGLVVROXWLRQIURPUDLQDFLGLW\
RUDWWDFNRIGU\GHSRVLWLRQRISROOXWDQW$VUHSRUWHGLQ:DQJHWDO
 0LVDZD HW DO  ³K\JURVFRSLF 62 LQ WKH LQGXVWULDO
DWPRVSKHUH RIWHQ ORZHUV WKH S+ RI ZDWHU ZHWV UXVW OD\HU DQG
25 
GLVVROYHV WKH LQLWLDO FRUURVLRQ SURGXFWV RI Ȗ)HRR+ DQG DOVR
SURPRWHVWKHSKDVHWUDQVIRUPDWLRQRIȖ)HRR+WRDPRUSKRXVIHUULF





PRVW RI WKH HVWDEOLVKHG GRVHUHVSRQVH IXQFWLRQV ,W GHILQHV WKH
SHUFHQWDJH RI YDSRXU GHQVLW\ WR VDWXUDWLRQ YDSRXU GHQVLW\ DW DQ\
JLYHQWLPH)RUUHODWLYHKXPLGLW\WKHWUDQVIRUPHGYDULDEOHLV5K 
5K ZKHQ 5K! RWKHUZLVH  LV XVHG LQ WKH GRVHUHVSRQVH
IXQFWLRQ.XFHUD

$V LQGLFDWHG E\ %ULPEOHFRPEH HW DO  F\FOHV RI UHODWLYH
KXPLGLW\ FDXVHV FU\VWDOOL]DWLRQ DQG GLVVROXWLRQ ZKLFK H[HUW VWUHVV
RQ VWUXFWXUDO PDWHULDOV LQ ZKLFK ZHDWKHULQJ VDOWV DUH SUHVHQW
$UUR\DYHHWDO+HQULNVHQDQG5RGHFRQFOXGHGWKDWDW
KLJKUHODWLYHKXPLGLW\62PLJKWIRUPIHUURXVVXOSKDWHZKLFKZRXOG




)RU ZHDWKHULQJ VWHHO WKH WLPH RI ZHWQHVV 72: PD\ EH
LQWHUFKDQJHDEO\XVHGZLWK UHODWLYHKXPLGLW\ 7KLV LV EHFDXVHVWHHO
VKRZ KLJK FULWLFDO KXPLGLW\ IRU FRUURVLRQ SURFHVV /HXHQEHUJHU
0LQJHUHWDO

%DUWRQM DQG &KHUQ\  KDV VKRZQ WKDW WKHUH LV D FRUUHODWLRQ




IGU\ &>62@$72:% ««««««««««««  
7KHSRZHU IXQFWLRQV WDNH LQWRFRQVLGHUDWLRQ WKHQRQOLQHDULW\ RI WKLV
H[SUHVVLRQUHJDUGLQJERWK62DQG72:








&KHPLFDO FRPSRVLWLRQ RI WKH DWPRVSKHUH LV RI JUHDW
LPSRUWDQFH WR WKH FRUURVLRQ SURFHVV EHFDXVH RI WKHLU
WKHUPRG\QDPLF DQG NLQHWLF HIIHFW RQ FRUURGLQJ PDWHULDO %\
WKHUPRG\QDPLFV ZH ORRN DW WKH HIIHFW RI KHDW LQ FKDQJLQJ WKH
SK\VLFDO DQG FKHPLFDO SURFHVVHVRI WKHPDWHULDO 7KHUPRG\QDPLFV
WKHUHIRUHGHILQHVKRZVWDEOHWKHPDWHULDOZLOOEHXQGHUWKHLQKHUHQWO\
SUHYDLOLQJFRQGLWLRQVRI WKHHQYLURQPHQW.LQHWLFHIIHFWRQ WKHRWKHU
KDQG DIIHFWV WKH UDWH RI R[LGDWLRQ RI D PHWDOOLF PDWHULDO LQ DQ
HQYLURQPHQW 0HOODQE\  REVHUYHG WKDW WKH PRVW LPSRUWDQW
SROOXWDQW WKDW DIIHFWV VWUXFWXUDO PDWHULDOV DUH VXOSKXU GLR[LGH DQG
















WKH GHFUHDVH LQ XUEDQ 62 FRQFHQWUDWLRQV KDYH FOHDUO\ DULVHQ





:KLOH WKH FXUUHQW 8QLWHG .LQJGRP DYHUDJH VPRNH
FRQFHQWUDWLRQ RI XUEDQ DQQXDO PHDQV LV PJP WKDW RI FHQWUDO
/RQGRQLVSXWDWEHWZHHQPJP7KLVUHSUHVHQWDIDOOIURPWKH





(VWLPDWHV IURP :DUUHQ 6SULQJ ODERUDWRU\ 8.%(5* 
LQGLFDWHV WKDW8QLWHG.LQJGRPDQQXDOHPLVVLRQRI12[ZDVDOPRVW
IODW IURPWREXW LQFUHDVHGE\D IDFWRURI WRGDWH 7KLV
LQFUHDVH LVDWWULEXWHG WR LQFUHDVHGRLO FRQVXPSWLRQE\ WKH WUDQVSRUW









LQ KLJK FRQFHQWUDWLRQV LQ WKH VWUDWRVSKHUH E\ 89 LUUDGLDWLRQ DQG
WUDQVSRUWHGLQWRWKHIUHHWURSRVSKHUHWRVXSSOHPHQWR]RQHSURGXFHG
WKHUHSKRWRFKHPLFDOO\ 8.%(5*)RU WKH8QLWHG.LQJGRP
WKH DYHUDJH DQQXDO FRQFHQWUDWLRQ LQ XUEDQ DUHDV UDQJH IURP 
PJPZKLOHIRU UXUDODUHDLW LVPJP)RUUHDVRQRIDUHDRI
SULPDU\ SURGXFWLRQ R]RQH GHSHQGV RQPHWHRURORJLFDO YDULDWLRQ IRU
LWVGLVSHUVDO$SDUWIURPWKDW LWDOVRGHSHQGVRQVXIILFLHQWVXQOLJKW
DQG IDYRXUDEOHDLUPDVV WUDMHFWRU\ WR WUDQVSRUW LW IURPVRXUFH WR LWV






LQ WKH DLU GRHV DGG WR WKH DFLGLW\ RI UDLQ ZDWHU DQG WKHUHE\ FDXVH
VRPHGHJUDGDWLRQ WR OLPHVWRQH DQG FRQFUHWH&RPEXVWLRQRI IRVVLO
IXHOV KDV FDXVHG D FRQVLGHUDEOH LQFUHDVH LQ DWPRVSKHUH
FRQFHQWUDWLRQRI&2IURPDSSUR[LPDWHO\SSPLQWRLQ
 %ULPEOHFRPEH   $V D UHVXOW DWWDFNV E\ &2 RQ





7DEOH  VKRZ XQVKHOWHUHG FRQFHQWUDWLRQ RI VRPH LPSRUWDQW






















































































































































'RVHUHVSRQVH IXQFWLRQV LQFOXGH VXFK FOLPDWH GDWD DV
WHPSHUDWXUH7UHODWLYHDLUKXPLGLW\5KJDVHRXVHPLVVLRQVLQWKH











7KH DGGLWLYH FRUURVLRQ ORVVHV N LQ WHUPV RI IGU\ DQG ZHW IZHW
SUHFLSLWDWHVLVFRQVLGHUHG0LNKDLORY





 IZHW &+5DLQ>+@ «««««««««««««
ZKHUH&+LVDFRQVWDQW5DLQLV WKHDPRXQWRISUHFLSLWDWHVDQG>+@
LV WKH FRQFHQWUDWLRQ RI K\GURJHQ LRQV LQ WKH SUHFLSLWDWH  &+ YDOXH
FDQEHQHJDWLYHZDVKLQJHIIHFWRUSRVLWLYH
7KHHIIHFWRIFKORULGHVLQSUHFLSLWDWHVRQIZHWLVH[SUHVVHGVLPLODUO\
 IZHW &&/5DLQ>&/@ «««««««««««««
ZKHUH&&/LVDFRQVWDQWDQG>&/@LVWKHFRQFHQWUDWLRQRIFKORULGHLQ
WKH SUHFLSLWDWHV  &KORULGH HIIHFW LV KRZHYHU QRWHG IRU PDULQH
34 
FRDVWDO HQYLURQPHQW  7KH FRUURVLRQ ORVV HTXDWLRQ LV QRQOLQHDU
KHQFHWKHXVHRIQRQOLQHDUUHJUHVVLRQDQDO\VLVPHWKRG

0DQ\ UHVHDUFKHUV KDYH WULHG IL[LQJ D JHQHUDO IXQFWLRQ IRU GRVH
UHVSRQVH WKDW UHODWHV WR DOO HQYLURQPHQWDO SDUDPHWHUV





0/   >W   ORJH +@>  )H62  &/ 
+@««««««««««««««««




%XWOLQ HWDO  VXJJHVWHG IRUXQVKHOWHUHG ]LQF LQRQH\HDU ORVV
DV
(5 62S «««««««««




)RU WKHPXOWL$VVHVVH[SRVXUH.XFHUD XVHG IRU WKHFDUERQ
VWHHOWKHGRVHUHVSRQVHIXQFWLRQDV




:HDWKHULQJ VWHHO DQ DOOR\ RI 1LFNHO &RSSHU HWF KDV WKH GRVH







ZKHUHW WLPHLQ\HDUV7 $LUWHPSHUDWXUH5K 5HODWLYHKXPLGLW\
 >62@ 62FRQFHQWUDWLRQ JP >12@ 12FRQFHQWUDWLRQ
JP2 2FRQFHQWUDWLRQ JP5DLQ 4XDQWLW\ RI5DLQIDOO






HIIHFW RQ PDWHULDOV  7KH LPSDFW SDWKZD\ IROORZV WKH IROORZLQJ
URXWHVGLVFRORUDWLRQPDWHULDOVORVVDQGVWUXFWXUDOIDLOXUH6WUXFWXUDO
IDLOXUH IURP SROOXWDQW H[SRVXUH LV PRUH QRWLFHDEOH ZKHUH WKHUH LV







































Transport and Atmospheric Chemistry 
Dry and Wet deposition 
Corrosion 





Material Loss Structural Failure Colour change
Repair Costs Maintenance Cost 










7KH OLPLW VWDWH GHVLJQ SURFHVV LV GHILQHG E\ WKH SULQFLSOH RI
VWUXFWXUDO UHOLDELOLW\ ,62  (  7ZR W\SHV RI OLPLW VWDWHV
LGHQWLILHGLQFOXGH8OWLPDWHOLPLWVWDWHDQG6HUYLFHDELOLW\OLPLWVWDWH

7RWDO IDLOXUH RI D VWUXFWXUH E\ DQ\ PHFKDQLVP IUDFWXUH EXFNOLQJ






ZLWK [ D YHFWRU RI VWDWLVWLFDO YDULDEOH ZKLFK WDNHV LQWR DFFRXQW
XQFHUWDLQWLHV
DQG3I SJ[ S56««««««««««
)URP 0HOFKHU  XQGHU QRUPDO GLVWULEXWLRQ WKH SUREDELOLW\ RI
IDLOXUH3IRIDVWUXFWXUHLVFDOFXODWHGIURP




V5 DQG V6 DUH VWDQGDUG GHYLDWLRQ RI WKH ORDG DQG UHVLVWDQFH











,PUDQ HW DO  XQFHUWDLQWLHV DVVRFLDWHG ZLWK PRGHOLQJ RI
GHWHULRUDWLQJ VWUXFWXUHV KDYH VWURQJ LQIOXHQFH RQ PDQDJHPHQW
GHFLVLRQVVXFKDVZKHQWR LQVSHFWDQGVFKHGXOLQJRIPDLQWHQDQFH








 ,03$&7 2) /2&$7,21 2) 6758&785( $1'
&25526,21
6WHHOVWUXFWXUHVDUHQRWVLJQLILFDQWO\DIIHFWHGE\UXUDOFRUURVLRQ
VLQFH KLJK R]RQH OHYHO JRYHUQV  +RZHYHU XUEDQ DQG PDULQH




RQ:HEVWKLQPHPEHUVXVFHSWLEOH WRWKLFNQHVVORVVHIIHFW  ,Q WKH








6XUYHVZDUDQ HW DO  H[DPLQHG WKH HIIHFW RI FRUURVLRQ
SHQHWUDWLRQ LQ ,JLUGHU VWUXFWXUH UHOLDELOLW\  7KH UHVXOW LQGLFDWHV DQ
DGYHUVH UDWHRI FRUURVLRQ IRU WKHERWWRPóRI WKHZHEDQG IODQJH
















PRGHDIIHFWLQJ FRUURGHGEHDP IROORZHGE\ VKHDUZKLFKDIIHFW WKH
PDWHULDO ORVV RI WKH ERWWRP TXDUWHU RI ZHE DQG ILQDOO\PRPHQW DV
FRPSUHVVLRQIODQJHLVOHVVVLJQLILFDQW
%6 (1  FODXVH  GHILQHV WKH PD[LPXP SHUPLWWHG
WKLFNQHVV RI VWHHO SDUWV ZKLFK UHODWHV RYHUDOO IDFWRU N DQG GHVLJQ
PLQLPXP WHPSHUDWXUH WKH FKRVHQ PDWHULDO \LHOG VWUHQJWK DQG WKH
&KDUS\ WHVW WHPSHUDWXUHRIDFKRVHQPDWHULDOJUDGH ,Q WKLV UHJDUG






7KH FKDSWHU UHYLHZHG WKH FXUUHQW HIIRUWV PDGH WR VWXG\ WKH
LPSDFWRIKXPDQRQFOLPDWHDQGWKHHIIHFWRIFKDQJHLQFOLPDWHDQG
DLU TXDOLW\ RQ PDQ ,W ZDV REVHUYHG IURP VWXGLHV WKDW WKH
FOLPDWHZHDWKHU ZLOO FRQWLQXH WR FKDQJH GXH WR WKH GDPDJLQJ
LQIOXHQFHRIPDQ¶VDFWLYLWLHVRQWKHHDUWK

9DULRXV EXLOGLQJ PDWHULDOV DIIHFWHG E\ FOLPDWH FKDQJH ZHUH


























7KH LPSDFW RI FOLPDWH FKDQJH RQ EXLOW LQIUDVWUXFWXUH DQDO\VLV
ZRXOGEHDFKLHYHGLQWZRVWDJHVRIH[DPLQLQJWKHDSSURSULDWH'RVH





PDWHULDO ORVV LV FDOFXODWHG IRU ZHDWKHULQJ VWHHO (YDOXDWLQJ WKH
LPSDFW RI FOLPDWH SDUDPHWHUV LQ WKH VHFRQG VWDJH LQYROYHV
SUREDELOLVWLF HYDOXDWLRQ RI WKH WLPH WR IDLOXUH RI YDULRXV VWDJHV RI




7KH GDWD IRU WKLV ZRUN ZHUH REWDLQHG IURP WKH ZRUN RI












RI  EHWZHHQ WKH GDWD
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7DEOH &OLPDWH DQG3ROOXWLRQ GDWD XVHG IRU WKH'RVH5HVSRQVH
IXQFWLRQ'DWDIURP%ULPEOHFRPEHHWDO
<HDU 30 6 1 2
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5DLQIDOO DQG UHODWLYH KXPLGLW\ RQ WKH RWKHU KDQG KDV ORZHVW
FRHIILFLHQWRIYDULDWLRQDQGDSRVVLEOHGHFOLQH LQ WKHYDOXH IURP WKH
UHIHUHQFH\HDURIPRYLQJWR7KLVLVV\QRQ\PRXVZLWKWKH





7KH VWXG\ DUHD LV *XLOGIRUG D ERURXJK LQ WKH 6RXWK (DVW
FRXQW\RI6XUUH\8QLWHG.LQJGRPDQGDWRWDOODQGDUHDRINP
$FFRUGLQJ WR+XWFKLQVRQ *XLOGIRUG ZDV HVWDEOLVKHG DURXQG
WKH \HDU $' ZLWK LWV 1RUPDQ &DVWOH IRXQGHG DIWHU $' ,W














D ORZ RI R&3UHFLSLWDWLRQ RI WKHDUHDKDVDQDQQXDO DYHUDJHRI
PP$OOWKHDERYHGDWDFRUUHODWHVZLWKWKH%ULPEOHFRPEHHWDO
















WKLV UHJDUG LQFOXGH WKH PHDQ VWDQGDUG GHYLDWLRQ YDULDQFH DQG
FRHIILFLHQWRIYDULDWLRQ

 0($1 2) 32//87$176 $1' &/,0$7(
3$5$0(7(56
7KHPHDQ RI HDFK SROOXWDQW DQG FOLPDWH SDUDPHWHU UHFRUG LV
FDOFXODWHGXVLQJWKHIROORZLQJ
  1
; 1;L « « « « « « 





7KLV LV DPHDVXUH RI YDULDELOLW\ ,W LQGLFDWHV WKH GLVSHUVLRQ RU
YDULDWLRQ IURP WKHPHDQ/RZYDOXHVKRZVGDWDSRLQWVDUHFORVH WR
PHDQZKHUHDVKLJKYDOXHSRLQWWRDVSUHDGRXWIURPPHDQYDOXHV
   1
ı[ ¥>1;L±;@« « « « « 
  L 
  1 1
 ¥>1;L±1;L@  
 L  L 

9$5,$1&(ı
















 '26(5(63216( )81&7,21 $1' (67,0$7,21
2) 0$7(5,$//266
,QXQVKHOWHUHGFRQGLWLRQZHWGHSRVLWLRQ WKURXJK UDLQRI62
LV WKHPRVW LPSRUWDQW SROOXWDQW SDUDPHWHU IRU ZHDWKHULQJ VWHHO DQG
]LQF 6HYHUDO UHVHDUFKHUV KDYH ZRUNHG RQ WKH DSSURSULDWH GRVH
UHVSRQVH IXQFWLRQV WKDW ZLOO SRVVLEO\ FDSWXUH WKH DGYHUVH HIIHFW RI
FOLPDWHDQGSROOXWDQW SDUDPHWHUVRQ EXLOW VWUXFWXUHV7KHVH LQFOXGH
WKHIROORZLQJ

7LGEODG HW DO  GHWHUPLQHG WKH GRVHUHVSRQVH IXQFWLRQ IRU
ZHDWKHULQJVWHHOWREH











0/ DWE « « « « « « 
:KHUHD LV WKHRQH\HDUPDVV ORVVE LVDPHDVXUHRISDVVLYDWLRQ
DQGWLVH[SRVXUHWLPHLQ\HDUV
8VLQJWKHFLW\RI+DUNLQJHQIRUWKH\HDUVLQYHVWLJDWLRQLWZDVIRXQG
WKDWD E ZLWKFRUUHODWLRQFRHIILFLHQW5 
:KLOH QRWLQJ WKDW 62 FRPELQHG ZLWK KLJK UHODWLYH KXPLGLW\ LV WKH
GRPLQDQW IDFWRU IRU FRUURVLRQ RI ZHDWKHULQJ VWHHO /HXHQEHUJHU
0LQJH  REVHUYHG WKDW WKH IROORZLQJ GRVHUHVSRQVH IXQFWLRQ
SUHGLFWVFRUURVLRQORVVZLWKUHDVRQDEOHDFFXUDF\
:76W&/P 627RZW« « «« «

:KHUH W LV LQ \HDUV 62 JP 7RZ 7LPH RI ZHWQHVVH[SRVXUH
WLPHQRXQLWUHODWLYHKXPLGLW\5KDWDFRUUHODWLRQFRHIILFLHQW5
 7KLV IXQFWLRQ LV IRU WKHFDVHRIR]RQHIDFWRUQRWFRQVLGHUHG
DQGZLWKOHVVDFFXUDF\RISUHGLFWLRQ
:KHQ R]RQH IDFWRU LV FRQVLGHUHG WKH GRVHUHVSRQVH IXQFWLRQ
DFFRUGLQJWR/HXHQEHUJHU0LQJHZLOOEH
:76W&/P 627RZW2W« ««





,Q WKLV UHJDUG WKH 81(&( \HDU SURJUDPPH 'RVH 5HVSRQVH
)XQFWLRQ DV LQ 0LNKDLORY  IRU XQVKHOWHUHG FRQGLWLRQ LV
DSSURSULDWHWRZRUNZLWKWKDWLV
,Q0/ ,QW,Q625K7
IRU7R&« ««««««««««««««««««««  « 
DQG
,Q0/ ,QW,Q625K7






««««««««««  « « « «« « 
:KHUHILVDIXQFWLRQRIWLPHDQGUHODWLYHKXPLGLW\H[FHHGV

%XWOLQ HW DO D VXJJHVWHG IRU WKH 1DWXUDO 0DWHULDOV ([SRVXUH
SURJUDPPHIRUXQVKHOWHUHG]LQFLQRQH\HDUORVVDV
(5 623« « «« «  « 
+RZHYHU WKLV IXQFWLRQ KDV EHHQ PRGLILHG E\ .XFHUD  WR
LQFOXGHWKHHIIHFWRIR]RQHDQGWLPHRIZHWQHVVDVLQ








UFRUU  ILUVW \HDU FRUURVLRQ UDWH RI FDUERQ VWHHO LQ P\HDU DQG RWKHU
WHUPVDVGHILQHGLQWKHDSSHQGL[

$OO WKH'RVH5HVSRQVH IXQFWLRQV DERYH DUH XVHG WR GHWHUPLQH WKH








7KLV LV EHFDXVH LW JLYHV WKH UHVXOW FORVH WR WKH DYHUDJH WKLFNQHVV
ORVVFDOFXODWHGLQWKLVZRUNIURPRWKHUIXQFWLRQV7KHVHFRQGUHDVRQ
IRU WKH FKRLFH RI WKH GRVHUHVSRQVH IXQFWLRQ IRU WKH DQDO\VLV LV











&DWHJRUL]DWLRQ LV EDVHGRQ WKHRQH \HDU FRUURVLRQ UDWHH[SHULPHQW
RQ VWDQGDUG VSHFLPHQV 7KH SULQFLSDO HOHPHQWV LQ WKH FRUURVLRQ RI






























































































































































'HWHUPLQDWLRQ RI WKH FRUURVLRQ UDWH LV EDVHG RQ RQH \HDU
H[SRVXUH RI PHWDOV DQG WKH PHDVXUHPHQW RI WKH FRUURVLRQ RI WKH
VWDQGDUG VSHFLPHQV DFFRUGLQJ WR ,62  )URP WKLV WHVW WKH
QXPHULFDO YDOXHV RI WKH ILUVW \HDU FRUURVLRQ UDWH RI GLIIHUHQW PHWDOV
XQGHUYDULRXVFRUURVLYLW\FDWHJRULHVZHUHHVWLPDWHGDVEHORZ



















































































































7KH HVWLPDWLRQ RI WKH RQH \HDU FRUURVLRQ ORVVHV IRU FDUERQ
VWHHOLVEDVHGRQWKHGRVHUHVSRQVHIXQFWLRQDVVWDWHGEHORZ
UFRUU >62@H[S5+IVW>&/@H[S5+7««
ZKHUH IVW    7 ZKHQ 7R& RWKHUZLVH  7
1 5 DQGUFRUU ILUVW\HDUFRUURVLRQUDWHRIFDUERQVWHHOLQ
P\HDUDQGRWKHUWHUPVDVGHILQHGLQWKHDSSHQGL[

 ())(&7 2) &25526,21 7+,&.1(66 /266 21
 67((/%5,'*(
 '(6,*1 2) 6,03/< 6833257(' 5$,/:$<
 %5,'*(
8VLQJ WKHSULQFLSOHRI OLPLW VWDWH DGHVLJQRI EHDPVHFWLRQ LV




7KH FRPELQDWLRQ RI DFWLRQ LV GHWHUPLQHG DFFRUGLQJ WR WKH
H[SUHVVLRQLQHTXDWLRQ%6(1
Ȗ*M*NMȖS3Ȗ44NȖ4LȥRL4N,« « ««









 &$/&8/$7,21 2) 020(17 $1' 6+($5
5(6,67$1&(













WZ WKH WKLFNQHVVRI WKHZHEGZ LV WKHRYHUDOOGHSWKRI WKHJLUGHUKK
KHLJKW RI DQ\ RSHQLQJ ȖP DQG ȖI DV GHILQHG DERYH DQG ĲO LV WKH
OLPLWLQJVKHDUVWUHQJWKRIWKHZHESDQHO










*NM34NȥRL4NL«« « « « « 














)RU WKLV ZRUN D GHVLJQ H[DPSOH RI D UDLOZD\ VWHHO EULGJH













7KHPHWKRG RI DQDO\VLV ZDV FRQVLGHUHG LQ WKLV VHFWLRQ 7ZR
VWDJHVZHUHLQYROYHGILUVWLVWKHGHWHUPLQDWLRQRIWKHUDWHRIPDWHULDO
ORVVWKURXJKWKHDSSURSULDWHGRVHUHVSRQVHIXQFWLRQDQGWKHVHFRQG
VWDJH LV WKH XVH RI WKH FDOFXODWHG WKLFNQHVV ORVV WR GHWHUPLQH WKH





















7KH VHFWLRQ GHVFULEHV WKH UHVXOWV DFKLHYHG DQG WKH PHWKRG






















































































Constant year 2000 
concentration 
0.6 0.3 – 0.9 Not available 
B1 Scenario 1.8 1.1 – 2.9 0.18 – 0.38 
A1T Scenario 2.4 1.4 – 3.8 0.20 – 0.45 
B2 Scenario 2.4 1.4 – 3.8 0.20 – 0.43 
A1B Scenario 2.8 1.7 – 4.4 0.21 – 0.48 
A2 Scenario 3.4 2.0 – 5.4 0.23 – 0.51 




























<HDU 30 6 1 2

+1 7HPS S+ 5+ 5DLQ &2


JP &   PP SSP

          

          

          









WKH GHWHUPLQDWLRQ RI JOREDO FOLPDWH FKDQJH +RXJKWRQ 





)LJXUH  VKRZ 7HPSHUDWXUH FKDQJH ZLWK WLPH DV D UHVXOW RI
LQFUHDVHLQJUHHQKRXVHJDVHV






7HPSHUDWXUHRI6RXWK(QJODQG LVSURMHFW WR LQFUHDVH WKHKLJKHVW LQ
VXPPHU XQGHU WKH KLJK HPLVVLRQ VFHQDULR DFFRUGLQJ WR /DQG 8VH
&RQVXOWDQWVDQGE\VWKHLQFUHDVHLVH[SHFWHGWRUHDFK
R& )RU ORZ HPLVVLRQ VFHQDULR WKH VXPPHU WHPSHUDWXUH LV
69 
H[SHFWHGWRULVHEHWZHHQR&IRUWKHVDPHSHULRG7KHLPSDFWRI
WKLV ZLOO EH D ULVH LQ WKH QXPEHU RI H[WUHPH ZDUP GD\V ZLWK D
FRUUHVSRQGLQJ GHFUHDVH LQ WKH QXPEHU RI KHDWLQJ GHJUHH GD\V
HVSHFLDOO\LQZLQWHU
 
 5(/$7,9(+80,',7<  
7KHUHZLOOEHFKDQJHLQUDLQIDOOSDWWHUQVPDNLQJVXPPHUGULHU
DQGZLQWHUZHWWHUZLWKWKHUHVXOWDQWGHFUHDVHLQUHODWLYHKXPLGLW\,W
LV SURMHFWHG WKDW UDLQIDOO DQG HYDSRUDWLRQ ZLOO GHFUHDVH LQ VXPPHU









IXHOV FRQWDLQLQJ VXOSKXU W\SLFDO RI FRDO DQG KHDY\ RLOV XVHG E\
SRZHUSODQWVDQG UHILQHULHV'RPHVWLFXVHRIFRDOV IRUKHDWLQJ DQG
70 
RWKHUSXUSRVHVLVUHGXFLQJLQVLJQLILFDQFHWKRXJKVWLOOLQXVHLQVRPH
UHJLRQV LQ WKH FRXQWU\ 3ROOXWLRQ FDXVHG E\ 62 HPLVVLRQ FDXVH




























7DEOH  EHORZ VKRZV WKH FRPSDULVRQ RI WKH UHVXOW RI HLJKW
GRVHUHVSRQVH IXQFWLRQV IURP YDULRXV DXWKRUV DQG WKH UHVXOW
REWDLQHGIURPHDFK7KHGLIIHUHQWUHVXOWVREWDLQHGPD\EHDWWULEXWHG
72 
WR WKH QDWXUH RI DQDO\VLV DQG WKH SDUDPHWHUV LQSXW XVHG LQ WKH
DQDO\VLV)RUH[DPSOHZKLOHVRPHXVHG625+DQG7HPSHUDWXUH
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P &   PP P
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 
           
           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,62  IXQFWLRQ \   OQ[  ZLWK FRHIILFLHQW 5ð  
« ««««««««««««««««««« « « « 

7KH SDUDPHWHUV IRU WKLV IXQFWLRQ LQFOXGH VXOSKXU GLR[LGH




FRHIILFLHQW5ð  « « «« ««  « 
0XOWLDVVHVV SURMHFW DFFRUGLQJ WR .XFHUD  FRQVLGHUHG VXFK
IDFWRUV DV VXOSKDWH GLR[LGH UHODWLYH KXPLGLW\ SUHFLSLWDWLRQ DFLG




FRHIILFLHQW5ð   « « ««  « 
8VLQJ WKH0LNKDLORY  IXQFWLRQ WKHSDUDPHWHUV LQ XVH LQFOXGH
WLPH LQ \HDUV IRU WKH GDWD VXOSKXU GLR[LGH UHODWLYH KXPLGLW\ DQG
WHPSHUDWXUH

0HWD$QDO\VLVE\/LSIHUW JDYH UHJUHVVLRQ IXQFWLRQ \  
OQ[±ZLWK5ð  «« « ««  












WKHFRHIILFLHQW5ð   « « « « « 
$ PRGLILFDWLRQ PDGH E\ .XFHUD  DGGHG WKH R]RQH
FRQFHQWUDWLRQ WLPH RI ZHWQHVV DQG DFLG FRQFHQWUDWLRQ LQ UDLQ DV
IDFWRUV LQ WKHFDOFXODWLRQRI WKHGRVHUHVSRQVH IXQFWLRQZKLFKJDYH
WKHDERYHUHJUHVVLRQIXQFWLRQ

/0LQJHU LQ 6ZLW]HUODQG  IXQFWLRQ \   OQ[ ±
ZLWKFRHIILFLHQW5ð « « «« « « 




WKHFRHIILFLHQW5ð  « «« « «  




DQGHUURUFRHIILFLHQW5ð «« ««« « 
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7LPHW <HDU 0LQ 0D[ $YHUDJH
<HDUV
  
 P P P
    
    
    
    






)LJXUH  VKRZV WKH DYHUDJH FRUURVLRQ UDWH RYHU WLPH ZKLFK
GLVFULEHVWKHDYHUDJHRIWKHXSSHUDQGORZHUERXQGVRIWKHYDULRXV
GRVHUHVSRQVH IXQFWLRQV VWDWHG DERYH ,W LV REWDLQHG DV VKRZQ LQ
WDEOH  DERYH E\ HVWDEOLVKLQJ WKH KLJKHVW DQG ORZHVW SRLQWV LQ
78 
ILJXUHIRUFRPSDULVRQRIWKHGRVHUHVSRQVHIXQFWLRQIURPYDULRXV
UHVHDUFKHUV 7KH PD[LPXP DQG PLQLPXP SRLQWV REWDLQHG LV
DYHUDJHGWRHVWDEOLVKWKHDYHUDJHFRUURVLRQUDWHDJDLQVWWLPH$SORW
RIWKHPD[LPXPPLQLPXPDQGWKHDYHUDJHYDOXHVLVVKRZQLQILJXUH












 P 5DQJH &DWHJRU\
  0/ &
  0/ &
  0/ &
  0/ &
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    

     

           
0HDQ         
9DULDQFH         
6WDQGDUG
'HY         
&RHII2I
9DU         












LQ WKH YDOXH RI HDFKRI WKH SDUDPHWHUV7KLV LQGLFDWHV WKDWZLWKDQ
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)URP WKH ILJXUHV DERYH LQFUHDVH LQ WHPSHUDWXUH GRHV QRW
LQFUHDVH WKLFNQHVV ORVV DV VKRZQ LQ ILJXUH  DV DJDLQVW RWKHU




 LQFUHDVH LQ WHPSHUDWXUH RQ WKH RWKHU KDQG ZLOO FDXVH 
GHFUHDVHLQWKLFNQHVVORVV,QFUHDVHLQUHODWLYHKXPLGLW\E\ZLOO
FDXVHDLQFUHDVHLQWKLFNQHVVORVV,WLVWKHUHIRUHREVHUYHGWKDW








,Q WKLV UHJDUG LW LV REVHUYHG WKDW ORFDWLRQ DIIHFWV WKH UDWH RI
ORVVRIPDWHULDOVIURPVWHHOH[SRVHGWRWKHFOLPDWHFKDQJH0DWHULDOV
H[SRVHG WR WKH UXUDO DUHD LV OHDVW DIIHFWHGZKLOH WKRVH LQ LQGXVWULDO
HQYLURQPHQW LVPRVWDIIHFWHGDVVHHQ LQ ILJXUHVEHORZ7DEOH 
 VKRZV WKH XVH RI WKH ,62  GRVHUHVSRQVH IXQFWLRQ WR
REWDLQ WKH WKLFNQHVV ORVVHVRYHU WLPH IRU UXUDOXUEDQDQG LQGXVWULDO
HQYLURQPHQWV7RREWDLQWKHVHYDOXHVWKH62LVYDULHGIRUWKHUXUDO
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)URPERWK WKH WDEOH DQG WKH ILJXUHV LW LV VKRZQ WKDW VXOSKXU
GLR[LGH FRUURVLRQ LV PXFK KLJKHU IRU LQGXVWULDO DUHD WKDQ LQ UXUDO
HQYLURQPHQW 7KH HIIHFW LV WKHUHIRUH D KLJKHU WKLFNQHVV ORVV LQ WKH
LQGXVWULDODUHDWKDQLQWKHUXUDO7KHUDWHRIFRUURVLRQLVVKRZQWREH
PD PD DQG  PD IRU UXUDO XUEDQ DQG LQGXVWULDO
DUHDVUHVSHFWLYHO\7KLVVKRZVWKDW62FRUURVLRQUDWHFRPSDUHGIRU





6WHHO FRUURVLRQ UDWH ZLWK WLPH IRU RXWGRRU H[SRVXUH LV QRW
FRQVWDQW)URP,62LW LVVKRZQWRGHFUHDVHZLWKH[SRVXUHE\
WKHUHODWLRQ
' UFRUURVLRQWAE « « « « ««  « « 
88 
:KHUHW LVWKHH[SRVXUHWLPHLQ\HDUVUFRUURVLRQ LVWKHUDWHLQWKHILUVW
\HDU H[SUHVVHG LQ PD DQG E LV WKH PHWDOHQYLURQPHQWWLPH
H[SRQHQWZKLFKIRUFDUERQVWHHOLV
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DQG WKH LQGXVWULDO DUHD KDV UFRUURVLRQ 62   OQ[ 
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,W LV REYLRXV WKDW WKH PRPHQW UHVLVWDQFH GHFUHDVHV ZLWK WLPH
GHSHQGLQJRQWKHORFDWLRQRIWKHVWUXFWXUH7KHDQDO\VLVVKRZV WKDW
WKH UDWH RI GHFUHDVH RIPRPHQW UHVLVWDQFH LV  IRU UXUDO DUHD
 IRU XUEDQ DUHD DQG  IRU LQGXVWULDO HQYLURQPHQW )RU
LQGXVWULDO ORFDWLRQV WKH UDWHRI IDOORIPRPHQW UHVLVWDQFH LQFUHDVHV












ORFDWLRQ RI WKH VWUXFWXUH'HIOHFWLRQ LVPRUH ZLWK LQGXVWULDO ORFDWLRQ
DQGOHDVWLQUXUDOHQYLURQPHQWDVWKHDQDO\VLVKDVVKRZQIRU









8VLQJ WKH GHWHUPLQHG GRVHUHVSRQVH IXQFWLRQ RI DLU SROOXWDQW DQG




RQ PRPHQW UHVLVWDQFH VKHDU UHVLVWDQFH DQG GHIOHFWLRQ RI WKH
DQDO\]HGEULGJHDVVKRZQ5HVXOWVREWDLQHG LQGLFDWH WKDWZKLOH WKH
PRPHQW DQG VKHDU IRUFH UHVLVWDQFH RI WKH VWUXFWXUH LV GHFUHDVLQJ
ZLWKWKLFNQHVVORVVRYHUWLPHGHIOHFWLRQLVLQFUHDVLQJ$OVRGRXEOHU










UDWH RI GHWHULRUDWLRQ RI H[LVWLQJ VWUXFWXUHV ZDV LQWURGXFHG ,W DOVR
ORRNHG DW WKH VLJQLILFDQFH DQG REMHFWLYH RI WKH VWXG\ ZKLOH QRWLQJ
SDVWUHVHDUFKRQWKHVXEMHFW
7KH JHQHUDO REMHFWLYH RI WKLV UHVHDUFK LV WR VWXG\ WKH IDFWRUV WKDW
DFWXDOO\ KDYH LPSDFW RQ WKH VHUYLFH OLIH H[LVWHQFH DQG SURJUHVV RI
GHWHULRUDWLRQRIVWUXFWXUHVH[SRVHGWRDWPRVSKHULFZHDWKHULQJ

'HWDLOHG OLWHUDWXUH UHYLHZ WR GHWHUPLQHZKDW LV NQRZQ DQG JDSV LQ
NQRZOHGJH IROORZHG LQ FKDSWHU WZR 7KH FKDSWHU UHYLHZHG WKH
FXUUHQW HIIRUWV PDGH WR VWXG\ WKH LPSDFW RI QDWXUDO DQG
DQWKURSRJHQLFIDFWRUVRQFOLPDWHDQGWKHHIIHFWRIFKDQJHLQFOLPDWH
DQG DLU TXDOLW\ RQ KXPDQ ,W ZDV REVHUYHG IURP VWXGLHV WKDW WKH












,Q FKDSWHU WKUHH WKH PHWKRG RI DQDO\VLV ZDV FRQVLGHUHG 7ZR
VWDJHVZHUHLQYROYHGILUVWLVWKHGHWHUPLQDWLRQRIWKHUDWHRIPDWHULDO
ORVVWKURXJKWKHDSSURSULDWHGRVHUHVSRQVHIXQFWLRQDQGWKHVHFRQG
VWDJH LV WKH XVH RI WKH FDOFXODWHG WKLFNQHVV ORVV WR GHWHUPLQH WKH
EHQGLQJ UHVLVWDQFH VKHDU UHVLVWDQFH DQG GHIOHFWLRQ RI WKH VLQJOH
VSDQUDLOZD\EULGJH

&KDSWHU IRXU GLVFXVVHG WKH UHVXOWV REWDLQHG IURP YDULRXV
FDOFXODWLRQVFDUULHGRXW LQ WKHWZRVWDJHVRIDQDO\VLV ,QVWDJHRQH
HPLVVLRQ VFHQDULRV IRU FOLPDWH FKDQJH ZHUH QRWHG ZKLOH WKH
SROOXWDQWV WKDW FDXVH JOREDO ZDUPLQJ ZDV DOVR GLVFXVVHG DV LW




)URP WKH UHVXOW REWDLQHG LQ ILUVW VWDJH D FKHFN RQ WKH HIIHFW RI
WKLFNQHVV ORVV RQ PRPHQW UHVLVWDQFH VKHDU UHVLVWDQFH DQG
GHIOHFWLRQ RI WKH DQDO\]HG EULGJH LV FRQGXFWHG 5HVXOWV REWDLQHG




*XLOGIRUG D ERURXJK LQ WKH VRXWKHDVW RI (QJODQG LV OLNHO\ WR
ZLWQHVV DQ LQFUHDVH LQ WHPSHUDWXUH LQ WKH UDQJH RI R&  R& E\
HVSHFLDOO\LQWKHVXPPHU












RI WKH DYHUDJH RI DOO WKH NQRZQ IXQFWLRQV $OVR WKH FOLPDWH
SDUDPHWHUV DQG DLU SROOXWDQWV UHIOHFWHG WKH FRQGLWLRQV
REWDLQDEOHLQUXUDOXUEDQDQG,QGXVWULDOFLWLHVRI8.
- (VWLPDWH VKRZV WKDW WKHUH LV REMHFWLRQDEOH WKLFNQHVV ORVV
ZLWKLQ WKH\HDUV OLIH VSDQRI WKHVWUXFWXUHVXQGHU WKH ,62
FDWHJRUL]DWLRQIRUXUEDQDQGLQGXVWULDOHQYLURQPHQW




- )URP WKH YDULRXV GRVHUHVSRQVH IXQFWLRQV E\ GLIIHUHQW
UHVHDUFKHUVDQXSSHUDQG ORZHUERXQGZDVHVWDEOLVKHG7KH
DYHUDJH GRVHUHVSRQVH IXQFWLRQ RQ WKLV KDV D IXQFWLRQ \  
,Q[ZLWKDFRHIILFLHQW5 
- 7KH UHVXOW RI WKH SDUDPHWULF DQDO\VLV KDV VKRZQ WKDW WKH
SUHVHQFHRI62DSROOXWDQWUHVXOWLQJIURPLQGXVWULDODFWLYLWLHV
DQG KLJK UHODWLYH KXPLGLW\ EDVHG RQ FOLPDWH IDFWRUV DIIHFWV
WKLFNQHVVORVV,QWKLVUHJDUGDLQFUHDVHLQWKHWZRIDFWRUV





WKLV ZRUN LV WKH VRXUFLQJ RI GDWD IRU WKH VWXG\ ORFDWLRQ
*XLOGIRUG$YDLODEOH ORQJWHUPUHFRUGVDUHPDLQO\ IRU/RQGRQ
KHQFHWKHXVHLQWKHZRUN
- $ VWXG\ RI WKH FRUUHODWLRQ RI /RQGRQ FOLPDWH DQG SROOXWLRQ
UHFRUGV DQG WKH H[LVWLQJ *XLOGIRUG LQIRUPDWLRQ ZLOO KHOS WR
LPSURYHWKHZRUN
- )XUWKHU LPSURYHPHQW FRXOG EH PDGH E\ XQGHUWDNLQJ D ORQJ
WHUPGRVHUHVSRQVHVWXG\RIWKHSURMHFWORFDWLRQWRFRQILUPWKH
FODVVLILFDWLRQRIWKHDUHD




















$6SHFLDO 5HSRUW RI ,3&&:RUNLQJ*URXS ,,,  6XPPDU\
IRU SROLF\PDNHUV RQ (PLVVLRQV 6FHQDULRV 3XE IRU WKH
,QWHUJRYHUQPHQWDO3DQHORQ&OLPDWH&KDQJH

$Q $VVHVVPHQW RI WKH ,QWHUJRYHUQPHQWDO 3DQHO RQ &OLPDWH
&KDQJH &OLPDWH FKDQJH6\QWKHVLV UHSRUWV ,3&&
3OHQDU\;;9,,9DOHQFLD6SDLQ1RYHPEHU

$UUR\DYH & DQG 0RUFLOOR 0   7KH (IIRUW RI 1LWURJHQ








%DQNV :% DQG (YDQV 3'  'HJUDGDWLRQ RI :RRG










%ULPEOH&RPEH 3 *URVVL &0  'DPDJH WR %XLOGLQJV
IURP)XWXUH&OLPDWHDQG3ROOXWLRQ$37%XOOHWLQ9RO3

%ULPEOHFRPEH 3 *URVVL &0  ³0LOOHQLXPORQJ
5HFHVVLRQ RI OLPHVWRQH )DFDGHV LQ /RQGRQ´ (QYLURQ *HRO 
3J

%6 (1 ,62  &RUURVLRQ RI PHWDOV DQG DOOR\V 
&RUURVLYLW\ RI DWPRVSKHUHV  &ODVVLILFDWLRQ GHWHUPLQDWLRQ DQG
HVWLPDWLRQ7KH%ULWLVK6WDQGDUG,QVWLWXWH












&RRNH 58 DQG *LEEV * %  &UXPEOLQJ +HULWDJH"










'(&& 6WDWLVWLFDO 5HOHDVH   8. *UHHQKRXVH JDV
HPLVVLRQV SURYLVLRQDO ILJXUHV DQG  8. *UHHQKRXVH JDV
HPLVVLRQVILQDOILJXUHVE\IXHOW\SHDQGHQGXVHU'HSDUWPHQWRI
(QHUJ\ DQG &OLPDWH &KDQJH :KLWHKDOO 3ODFH /RQGRQ 6:$
$:
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'XNH 5  ³7KLV 6KULQNLQJ /DQG &OLPDWH &KDQJH DQG
%ULWDLQ¶V&RDVWV´'XQGHH8QLYHUVLW\3UHVV8.
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(FRQRPLF &RPPLVVLRQ IRU (XURSH  $LU 3ROOXWLRQ  $LU
%RUQH 6XOSKXU 3ROOXWLRQ (IIHFW DQG &RQWURO 5HSRUW SUHSDUHG
ZLWKLQ WKH )UDPHZRUN RI WKH &RQYHQWLRQ RQ /RQJUDQJH
7UDQVERXQGDU\$LU3ROOXWLRQ813XEOLFDWLRQ*HQHYD

(WHUQ( (XURSHDQ &RPPLVVLRQ  ³$VVHVVPHQW RI *OREDO
:DUPLQJ'DPDJHV´KWWSZZZH[WHUQHLQIRUHSRUWH[YROSGI

)HHQVWUD -)  ³&XOWXUDO 3URSHUW\ DQG $LU 3ROOXWLRQ








+DUW $ %  ³$ 5LVN $VVHVVPHQW RI WKH ,FHODQG DUHD
DURXQG &KDUPRXWK :HVW 'RUVHW 0 6F 7KHVLV 8QLYHUVLW\ RI
3RUWVPRXWK
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+DUW 0 % (G  ³&OLPDWH 3DVW DQG 3UHVHQW´ *HRORJLFDO
6RFLHW\6SHFLDO3XEOLFDWLRQ1R8.3J
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*LUGHU%ULGJHV6WUXFWXUDO6DIHW\YROSS
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.R]ORZRVNL 5  ³&OLPDWH,QGXFHG 'DPDJH RI :RRG
1XPHULFDO 0RGHOOLQJ DQG 'LUHFW 7UDFLQJ´ &RQWULEXWLRQ WR WKH
([SHUW¶V 5RXQGWDEOH RQ 6XVWDLQDEOH &OLPDWH 0DQDJHPHQW
6WUDWHJLHV7HQHULIH6SDLQ
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.XFHUD 9   7KH 81 (&( ,QWHUQDWLRQDO &RRSHUDWLYH
3URJUDPPHRQ(IIHFWVRQ0DWHULDO,QFOXGLQJ+LVWRULFDQG&XOWXUDO
0RQXPHQWV 5HSRUW WR WKH:RUNLQJ*URXS RQ(IIRUWV ZLWKLQ WKH
81(&(LQ*HQHYD6ZHGLVK&RUURVLRQ,QVWLWXWH6WRFNKROP
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/DKGHQVLYX - :HLMR , 0DWOLOD -  ([LVWHQFH RI
'HWHULRUDWLRQ LQ &RQFUHWH %DOFRQLHV 7D\ORU DQG )UDQFLV *URXS
/RQGRQ8.
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&RSSHU DQG =LQF 2EWDLQHG IURP D )RXU\HDU ([SRVXUH
3URJUDPPHLQ6ZLW]HUODQG&RUURVLRQ6HUYLFH3J

/LIH$SSOLFDWLRQ6WXG\%LEOH  ³1HZ ,QWHUQDWLRQDO9HUVLRQ´
7\QGDOH+RXVH3XE,QF86$
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/LSIHUW ) :  (IIHFWV RI $FLGLF 'HSRVLWLRQ RQ WKH








0DWKHU -5 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 &OLPDWRORJ\ )XQGDPHQWDOV DQG
$SSOLFDWLRQV1HZ<RUN0F*UDZ+LOO
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RI WKH (IIHFW RI $FLG 3UHFLSLWDWLRQ RQ 0DWHULDO´ 3URWHFWLRQ RI
0HWDOV 9RO  1R   3   7UDQVODWHG IURP
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5HSRUW 3UHSDUHG E\ +DO&URZ *URXS /WG 8QLYHUVLW\ RI


















<DWHV 7 6WRFNOH % DQG 6FKUHLQHU 0  81 (&( ,&3
0DWHULDOV 'RVH5HVSRQVH IXQFWLRQV RQ GU\ DQG ZHW DFLG
GHSRVLWLRQ HIIHFWV DIWHU \HDUV RI H[SRVXUH:DWHU DLU DQG VRLO
SROOXWLRQ
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8,& &RGH 5  'HVLJQ UHTXLUHPHQWV IRU WKH UDLO













:DQJ -+ :HL ) 6 &KDQJ <6 6KLK +& 7KH
&RUURVLRQ0HFKDQLVPVRI&DUERQ6WHHODQG:HDWKHULQJ6WHHO LQ
6 3ROOXWHG $WPRVSKHUHV  0DWHULDOV &KHPLVWU\ DQG 3K\VLFV


:HOOEXP $  ³$LU 3ROOXWLRQ DQG &OLPDWH &KDQJH 7KH
%LRORJLFDO ,PSDFW QG (G /RQJPDQ 6FLHQWLILF DQG 7HFKQLFDO
8.3J
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